-In this paper, we propose a novel microcantilever for biosensing applications, which we call a segmented cantilever. The aim of this paper is to show that the proposed design minimizes the disadvantages of the currently used micro-cantilevers.
INTRODUCTION
Micro-cantilevers are increasingly being used for assaying biomolecules. They are comparatively inexpensive, show fast response, have high sensitivity and are suitable for mass production using MEMS technology. Hence there is great interest in micro-cantilever based hiosensors.
When hiomolecules are immobilized on the surface of a microcantilever, surface stresses are generated due to the repulsive forces between the individual biomolecules. These surface stresses result in the deflection of the cantilever. If a second species hinds to the previously adsorbed molecules, there will be differential deflection. In the piezoresistor based method, the stresses in turn result in a change in the resistance of a piezoresistor embedded on the surface of the microcantilever. Thus, by choosing adsorbed probe molecules that recognize a specific species of molecules, the differential change in electrical resistance is a measure of the presence and concentration of the target biomolecules.
The molecules get attached to the upper surface of the micro-cantilevers. The magnitude and the distribution of the charges on the microcantilever, change due to the attachment. The A repulsive surface tension force can be represented by two forces -a bending moment and a tensile force acting at the neutral axis at the cross-section. The cantilever elongates due to the tensile force and it bends due to the bending moment. (Fig I ) The elongation is very small as the forces involved are very small so it is difficult to detect. However, the bending moment produced by the surface tension is sufficient to bend the micro-cantilever by a detectable magnitude.
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Figure 1
The bending produces two effects 1. It changes the orientation of the cantilever surface with respect to the horizontal surface It produces surface stresses and hence strains.
2.
Both the effects can he used for the detection of biomolecules. The change in the angle can he detected optically by reflecting a laser beam from the surface of the microcantilever. The stresses can he sensed hy piezoelectric sensors embedded on the surface of the micro-cantilever.
THE THICKNESS PARAMETER
.
The deflection of the cantilever increases with decrease in its I (Moment of area of the cross section perpendicular to its length). As the magnitude of surface stresses generated by the layer of biomolecules is very small, it is desirable to have thinner cantilevers to increase the sensitivity. However, the thinner cantilevers have the following disadvantages in comparison 2.
THE SEGMENTED CANTILEVER
In order to overcome this contradiction, we propose a new design in the form of a segmented cantilever, which has alternate thick and thin sections ( Figure 3 ).
with the thicker cantilevers: Figure 2 1. Since the widths of these cantilevers are comparable to their lengths, there is bending even in the lateral direction, which we call the 'arching effect' (Fig. 2) . This is The aim of this paper is to show that the undesirable because segmented cantilever indeed has the advantages of both the thin and thick micro-cantilevers viz.
(1) It has better sensitivity than that of the thick micro-cantilever (2) it is much more reliable than the thinner cantilevers (3) the arching effect also reduces substantially. A segmented cantilever is therefore likely to have less probability of breakage and the fabrication appears to be more robust and at the same time gives more sensitivity.
SIMULATIONS
For simulation purposes, we have considered a thick cantilever of 256pm long x IOOpn wide x 5 p n thick dimensions; a thin cantilever of thickness 2pm; five segmented cantilevers -with 2, 4, 8, 16 and 32 segments. 
DISCUSSIONS
It can be observed that the sensitivity of the micro-cantilever initially decreases with increase in the number of segments. However, the sensitivity again improves gradually with the increase in the number of segments after reaching minima, which is situated around 24 segments. Moreover, increase in the number of segments reduces the overall arching of the cantilever. For a cantilever with 64 segments the sensitivity becomes more than 15% of that of the thin cantilever. While both the semented and the thick cantilevers avoid the arch&, the thick cantilever has a very low relative sensitivity of 16%.
PI
The proposed segmented cantilever has the advantages of both the thin and thick microcantilevers viz., (1) the arching effect reduces substantially. (2) It has better sensitivity than that of the thick micro-cantilever. And (3) it is more reliable than the thinner cantilevers as the thin length of the cantilever is reduced by half. A segmented cantilever is therefore likely to have less probability of breakage and the fabrication appears to be more robust and at the same time gives more sensitivity.
